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• We need to know the distribution of 
inorganic chlorine (Cly) in the 
stratosphere to:

• Attribute changes in stratospheric 
ozone to changes in halogens.

• Assess the realism of chemistry-
climate models.



ozone reductions there (SOCOLand E39C), and the model
with the largest cold bias in the Antarctic lower strato-
sphere in spring (LMDZrepro) simulates very low ozone.

CCMs show a large range of ozone trends over the
past 25 years (see left panels in Figure 3-26 of Chapter 3)
and large differences from observations.  Some of these
differences may in part be related to differences in the sim-
ulated Cly, e.g., E39C and SOCOL show a trend smaller
than observed, whereas AMTRAC and UMETRAC show
a trend larger than observed in extrapolar area weighted
mean column ozone.  However, other factors also con-
tribute, e.g., biases in tropospheric ozone (Austin and
Wilson, 2006).

The CCM evaluation discussed above and in Eyring
et al. (2006) has guided the level of confidence we place
on each model simulation.  The CCMs vary in their skill
in representing different processes and characteristics of
the atmosphere.  Because the focus here is on ozone

recovery due to declining ODSs, we place importance on
the models’ ability to correctly simulate stratospheric Cly
as well as the representation of transport characteristics
and polar temperatures.  Therefore, more credence is given
to those models that realistically simulate these processes.
Figure 6-7 shows a subset of the diagnostics used to eval-
uate these processes and CCMs shown with solid curves
in Figures 6-7, 6-8, 6-10 and 6-12 to 6-14 are those that
are in good agreement with the observations in Figure
6-7.  However, these line styles should not be over-
interpreted as both the ability of the CCMs to represent
these processes as well as the relative importance of Cly,
temperature, and transport vary between different regions
and altitudes.  Also, analyses of model dynamics in the
Arctic, and differences in the chlorine budget/partitioning
in these models, when available, might change this evalu-
ation for some regions and altitudes.
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Figure 6-8. October zonal mean values of total inorganic chlorine (Cly in ppb) at 50 hPa and 80°S from CCMs.
Panel (a) shows Cly and panel (b) difference in Cly from that in 1980.  The symbols in (a) show estimates of Cly
in the Antarctic lower stratosphere in spring from measurements from the UARS satellite in 1992 and the Aura
satellite in 2005, yielding values around 3 ppb (Douglass et al., 1995; Santee et al., 1996) and around 3.3 ppb
(see Figure 4-8), respectively.
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A large range of Cly in 
the model simulations

Constrained by a limited number of 
Cly observations



Cly=HCl+ClONO2+ClO+HOCl
+2Cl2O2+2Cl2



Cly=HCl+ClONO2+ClO+HOCl
+2Cl2O2+2Cl2

Long time-series

Sporadic
Long time-series

Since 2004

Estimating Cly is hampered by lack of observations



Observations of HCl

• HCl

• 1991-2005: UARS HALOE

• 2004-present: SCISAT ACE

• 2004-present: Aura MLS

• 1991, 1993, 1994: Shuttle ATMOS



Observations of HCl

• HCl

• 1991-2005: UARS HALOE

• 2004-present: SCISAT ACE

• 2004-present: Aura MLS

• 1991, 1993, 1994: Shuttle ATMOS

Estimating Cly is hampered by inter-instrument biases



Using PDFs for Bias Detection
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Using PDFs for Bias Detection
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A Global View
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Neurological algorithms



Neurological algorithms
InputsOutputs

Process



An example neural network
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An example neural network





Re-calibration 
using a Neural Network
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Long-term continuity

Applied Neural Network
Re-calibration to HALOE
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Use neural networks to infer Cly from HCl, CH4, ϕpv, and θ.

Long-term continuity for Cly



Long-term continuity for Cly
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Summary
• Used PDFs to diagnose inter-instrument biases

• www.PDFCentral.info 

• Use neural networks to correct for inter-
instrument biases

• Produce consistent time-series with full 
uncertainty estimates

• Use neural networks to infer Cly from HCl, 
CH4, ϕpv, and θ.

• A knowledge of the Cly time variation is useful 
for attributing changes in stratospheric ozone to 
changes in halogens, and for assessing the realism 
of chemistry-climate models. 

• Other uses: Long-term Kalman filter data 
assimilation (http://www.cdacentral.info/).
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ozone reductions there (SOCOLand E39C), and the model
with the largest cold bias in the Antarctic lower strato-
sphere in spring (LMDZrepro) simulates very low ozone.

CCMs show a large range of ozone trends over the
past 25 years (see left panels in Figure 3-26 of Chapter 3)
and large differences from observations.  Some of these
differences may in part be related to differences in the sim-
ulated Cly, e.g., E39C and SOCOL show a trend smaller
than observed, whereas AMTRAC and UMETRAC show
a trend larger than observed in extrapolar area weighted
mean column ozone.  However, other factors also con-
tribute, e.g., biases in tropospheric ozone (Austin and
Wilson, 2006).

The CCM evaluation discussed above and in Eyring
et al. (2006) has guided the level of confidence we place
on each model simulation.  The CCMs vary in their skill
in representing different processes and characteristics of
the atmosphere.  Because the focus here is on ozone

recovery due to declining ODSs, we place importance on
the models’ ability to correctly simulate stratospheric Cly
as well as the representation of transport characteristics
and polar temperatures.  Therefore, more credence is given
to those models that realistically simulate these processes.
Figure 6-7 shows a subset of the diagnostics used to eval-
uate these processes and CCMs shown with solid curves
in Figures 6-7, 6-8, 6-10 and 6-12 to 6-14 are those that
are in good agreement with the observations in Figure
6-7.  However, these line styles should not be over-
interpreted as both the ability of the CCMs to represent
these processes as well as the relative importance of Cly,
temperature, and transport vary between different regions
and altitudes.  Also, analyses of model dynamics in the
Arctic, and differences in the chlorine budget/partitioning
in these models, when available, might change this evalu-
ation for some regions and altitudes.
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Figure 6-8. October zonal mean values of total inorganic chlorine (Cly in ppb) at 50 hPa and 80°S from CCMs.
Panel (a) shows Cly and panel (b) difference in Cly from that in 1980.  The symbols in (a) show estimates of Cly
in the Antarctic lower stratosphere in spring from measurements from the UARS satellite in 1992 and the Aura
satellite in 2005, yielding values around 3 ppb (Douglass et al., 1995; Santee et al., 1996) and around 3.3 ppb
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